NRC INSPECTION MANUAL NMSS

I NSPECTI ON PROCEDURE 85501

I NVENTORY PROGRAM

PROGRAM APPLI CABI LI TY: 2683

85501-01 | NSPECTI ON OBJECTI VE

The objective of this inspection procedure is to verify that the
i censee’ st material control and accounting (MC&A) program for a
Category |11l uranium enrichment facility, includes a physica
inventory program for perform ng dynam c and static physica
inventories, and appropriately reconciling static physical
inventories with book inventories, in accordance with existing
regul atory requirenents.

85501-02 | NSPECTI ON REQUI REMENTS

Dynam ¢ physical inventories are required to be performed for
uranium and contained W* in the process (i.e., enrichnment)
equi pment, while the process continues. A static physical
inventory is required for total uraniumand contained &¥* in all
nat ural, depl eted, and enri ched uraniumat the facility, outside of
t he process equi pnent, at |east every 370 days.

The i nspector should ensure that the |licensee has inplenented an
i nventory program that the required static and dynam c i nventories
are being conducted, and that the book i nventory is reconciled to
reflect theresults of the static physical inventory. The i nspector
should perform the following review, observational, and
determ nation activities, as follows:

02.01 Physical Inventory Pl ans and Procedures. Revi ewprocedures
for preparing the licensee facility for dynamc and static
physi cal inventories.

'Herei nafter, the termlicensee subsunes the term
“certificate holder,” which applies in the case of the gaseous
di ffusion plants (GDPs). Likew se, all certificate-related
requi renents, including those in GDP conpliance plans and
corrective action commtnents, are subsuned under the term
“l'icense.”
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02.02 lnventory Preparations. Review procedures for conducting
dynam c and static physical inventories.

02. 03 Conduct of Inventories. Reviewprevious inventory records
and the inventory schedul e, and observe inventories.

02.04 Establishment of Control Limts. Review procedures and
cal cul ations for determ nation of the standard error of the
inventory difference (SEID), procedures for and reports from
reconciliation of inventory differences (1Ds), and i nvesti gative
reports associated with excessive |Ds.

02.05 Trend Analysis. Evaluate |licensee trend anal ysis process
and results.

02.06 |Inventory Reconciliation. Reviewlicensee reconciliation
activities.

02.07 Loss Detection and Reporting. Review the licensee’s
nmoni t ori ng and assessnent activities for determ ningthe status of
inventories and identifying abnormal situations.

02.08 lnventory Accuracy and Adequacy. Determ ne accuracy and
adequacy through random sanpling and exam nation of inventory
records.

85501- 03 | NSPECTI ON GUI DANCE

Gener al Gui dance

The inventory program and its procedures nust be effectively
i npl ement ed. Dynam c physical i nventories shoul d be conduct ed at
| east every 65 cal endar days and static i nventories at | east every
370 days. These inventories should confirm the quantity and
| ocati on of nuclear material in the |icensee's possession. The
book i nvent ory shoul d be reconci |l ed and adj usted to the results of
a conbi ned dynam c and static physical inventory, so as to provide
a total plant material bal ance every 370 days. Each ID result
shoul d be reported to NRC within 60 days after the start of the
physi cal i nventory [ pursuant to 10 CFR74.17(a)]. Inventory trend
anal ysis should be used to identify protracted theft of speci al
nucl ear material (SNM or unauthorized production or enrichment.

To prepare for the inspection, the inspector shoul d:

a. Review those portions of the Fundanental Nuclear Materi al
Control (FNMC) Pl an and the certificate conditions pertaining
to the planned inspection activities.

b. Reviewthe previous two MC&A i nspectionreports for the site.

c. Review any unresolved or followp items fromthe previous
i nspections to be addressed during the current inspection.
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d. Review the contents of any communications (including
information notices and bulletins), to the licensee, that
were issued since the |ast inspection.

Speci fic Gui dance

03.01 Physical Inventory Plans and Procedures. The inspector
shoul d verify that procedures for conducting physical inventories
ensure appropriate assignment of responsibility and provide
adequat e gui dance for i nventorying source material (SM and SNMi n
containers and in-process equipnment. The plan and procedures
should contain definitive statenents that specific inventory
instructions will be prepared and i ssued i n advance of each dynam c
and static inventory.

The responsibility for planning, organizing, and conducting the
physi cal i nventories shoul d be assi gned to one pri mary manager and
an alternate who are famliar with overall operation of the
facility. The inventory of each plant area shoul d be assigned to
i ndividuals who are famliar wth, but who have no direct
responsibility for, the material and operati ons conducted i n that
area. As a general rule, inventories should be conducted by teans
consi sting of at | east two people. These people should report to
the inventory manager while the inventory is being conducted.

The i nspector should verify the foll ow ng:

a. The plan for conducting, verifying, and reconciling nucl ear
mat erial inventories is docunented and i npl enent ed.

b. Procedures that defineresponsibilities and specifycriteria
for conducti ng physical inventories, includingfrequency and
reconciliation activities, are docunented and i npl enent ed.

c. The accounting structureis abletolocalizelDs, and provide
a systemof checks and bal ances, in verifyingthe accuracy of
t he dat a.

d. The nunber of material bal ance areas (MBAs) and inventory
control areas is sufficient toidentify and | ocalize |IDs and
t heir causes.

e. Procedures ensure that all nuclear material is inventoried.

f. Procedures for determ ning the nuclear material content of
envi ronnent al wastes (e.g., stack effluents and |i quid waste
streans) are docunented and i npl ement ed.

03.02 lnventory Preparations. The inspector should verify that
pre-inventory preparations w |l ensure an accurate determn nation of
material ininventory and will mnimze the SEID. For those itens
or processes for which the nuclear material inventoryisdifficult
to measure or quantify, theinventory of theitens or the processes
should be reduced to the maxi mum extent practical (e.g., by
drai ndown, revaporization, or cleanout) before the inventory
begi ns. The procedures should ensure that inventory cutoff
procedures, tag procedures, and post-inventory i nspections -- or
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equal |y effective neasures -- are used to ensure that all materi al
gquantities will be accounted for and not counted nore than once.
Sufficient information shoul d be providedinthe procedures to show
that the inventory process is organized and coordi nated. The
detai |l s of the plan and procedures shoul d ensure t he use of uni form
and consi stent practices for checki ng and recordi ng t he SMand SNM
st at us.

Before the inventory, the person wth overall inventory
responsi bility should performa prelimnary inspection of the plant
areas to be inventoried, review the inventory procedures and
instructions with key individuals, and supervise any needed
addi tional training of inventory personnel. The inspection of
pl ant areas shoul d focus on ensuring that material is measured and
properly tanper-safed, packaged, |abeled, stored, or otherw se
prepared for inventory, and that process equi pment is addressed
according to previously established witten procedures and
i nstructions.

The i nspector should verify the foll ow ng:

a. The procedures and nmet hodol ogi es associ ated wi th perform ng
static and dynam ¢ physical inventories are docunented and
i npl enent ed.

b. Aninventory notice and specific procedures are prepared for
each dynam c i nventory.

C. Cutoff tines for i nternal and external transfers of nucl ear
mat eri al are specified.

d. Cutoff times for theterm nati on of nonenri chnment processing
operations are specified.

e. The enrichnment cascade is maintained in a steady-state
operating condition for at | east 24 hours before starting a
dynam c i nventory.

f. Process nmeasurenent data are recorded, and process sanpl es
are col | ected over a period of approxi mately 6 hours, before
starting a dynam c inventory.

g. Preparations are conpletedto ensurethat aconplete feed and
wi t hdrawal systemsw tchover to pre-inventoried containers at
inventory tinme can be perforned.

03.03. Conduct of Inventories. The inspector should reviewthe
physi cal i nventory records and the i nventory schedul e t o det erm ne
whet her i nventories are conducted at the frequency requiredinthe
FNMC plan (i.e., at least every 65 cal endar days for dynamc
physi cal inventories, and at |east every 370 days for static
physi cal inventories). The inventory should act as a check on the
book inventory and on the effectiveness of the item control
program It al so should enable the |licensee to adjust accounts to
accurately reflect the status of the SM SNM and cascade
inventories within the facility. Static physical inventories
should be <conducted in conjunction wth dynamc physical
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i nventories of in-process uranium toprovideatotal sitenmateria
bal ance.

The i nspector shoul d observe the |i censee conducting the physi cal
inventory to determ ne whet her the physical inventory procedures
provi de for verifying the location and identity of all quantities
of SMand SNM and enable the |licensee to adjust the accounts to
accurately reflect the status of the nucl ear material i nventory at
the facility.

The i nspector should verify the foll ow ng:
a. Al mterial flows to and fromthe MBA are docunent ed.
b. Physical inventories are based on nmeasured val ues.

c. Direct or indirect SNMinventory measurenents are made of
mat eri al contained or held up in the process system

d. Static nuclear material inventories are conducted at | east
every 370 cal endar days, and dynami c inventories of the
enri chment process system are conducted at | east every 65
days.

e. The static nuclear material inventory 1is performed
concurrently with a dynam c inventory, to provide a total
pl ant material bal ance at | east every 370 days.

03.04 Establishment of Control Limts. The inspector should
verify the proper calculation of the SEID and of the ID control
limts. Current inventory period data should be used for the
estimation of the SEID. Data generated in i medi ately preceding
mat eri al bal ance peri ods may be conbi ned with current data, whenit
can be denonstrated that the data are fromthe sanme di stribution.
The conbi ned data are then used to establish current-period SMand
SNMval ues. The i nspector should conpare the SEIDwi th the active
inventory to determn ne whet her the neasurenment systens have been
sufficiently controll ed.

Procedures for establishing control Iimts should be docunent ed and
contain a detail ed description of the methodol ogy for determ ning
| Dt hreshol d val ues. The statistical methods used to eval uate the
inventory data should be detailed in the FNMC Pl an. Typically,
t hey i nclude, as appropriate, tests of individual and cunul ative
differences, tests of randomess, and tests of distribution.
Control limts shoul d be recal cul ated at a predeterm ned frequency
and nmodified if required. |If an ID exceeds established control
limts, alicensee investigation should be conducted to determ ne
reasons for the out-of-limt conditions and any defi ci enci es shoul d
be corrected.

The I D and SEI D shoul d be exam ned by the inspector to determ ne
whet her the estimtes are traceable to the accounting and
measur ement control programrecords, and whet her the estimates are
generated as approved in the FNMC pl an. The method used for
estimating the SEID for the typical material bal ance nust neet
several requirenents:
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(1) Al reasonabl e and probabl e sources of neasurenment error for
t he key neasurenent systens affecting |IDs are included.

(2) The sel ection of the key neasurenents, whose vari ances areto
be i ncluded in cal cul ating the standard error, is justified
by an analysis of the relative nmagnitudes of the variance
conponents of a typical 1D and their conparative effect on
t he SEI D.

(3) Any neasurenent error standard deviations, not actually
det erm ned by t he nmeasurenent control program are shown to
be reasonable, either by conparison wth published
state-of -the-art measur enent performance in simlar
applications, or with avail abl e records of past performance
data fromthe |licensee facility.

(4) The calculation of the SEIDis perfornmed in accordance with
a recogni zed error propagation nethod, as detailed in the
FNMC PI an.

The i nspector should verify the foll ow ng:

a. Procedures for establishingIDcontrol limts and requiring
investigations when those |limts are exceeded are
docunment ed and i npl enment ed.

b. Procedures for establishing IDcontrol Iimts are based on
vari ance propagation or other valid statistical techniques.

c. |Ds exceeding control limts are eval uated and resol ved, as
detailed in the FNMC Pl an.

d. Statistically based IDcontrol limts are conpared with the
hi storical IDdata to validate the conpl eteness of the data
i nputs.

03.05 Trend Analysis. The licensee should performtrend anal ysi s
by appl yi ng appropriate paranetric or nonparanetric statistical
techni ques (e.g., Page's Test, Runs Test, Dietz's Test, Power One
Test, MOSUM Test, or other appropriate tests) as described in the
FNMC pl an. The i nspector shoul d conpare the trend anal ysi s nmet hods
i npl emented by the licensee, with the correspondi ng descriptionsin
t he FNMC pl an, and det erm ne whet her the assunptions i nherent in
t he descri bed nethods are valid for thelicensee's data (e.g., sone
of the non-paranmetric methods assune that the distribution of the
data is symretric). The inspector should al so determ ne, through
review of the trend analysis nmethods, how nmeasurenent data not
avai l abl e at the time of physical inventory tests, but which are
generated at al ater date, areincorporatedintothe data anal yzed
for trends and patterns.

The i nspector shoul d evaluate the trend anal ysis assunpti ons and
data to determ ne whether the nmethods are appropriate for the
current process conditions. The inspector should be aware of
changes in process operations, nmeasurenent, or accounting
practices. The statistical nethods used to evaluate the trend
anal ysi s assunpti on nay be t he sane used t o eval uate t he qual ity of
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the data, and may include tests of individual and cunul ative
di fferences, randommess, and distribution.

The inspector should evaluate the trend analysis results, to
det er mi ne whet her the trend anal ysi s was performed as describedin
t he FNMC pl an, and whet her significant trends were i nvesti gated and
resolved. A trend should be considered significant to MC&A when
the applied test indicates it to be so, and the absol ute quantity
involved is in excess of 5 fornmula kilograms of U?, The
i nspector's evaluation of the trend analysis results would al so
consi der other indicators of trendinthe process nonitoring data.
O her sources of information ontrends include biases identified by
t he measur enment - control program quantities of material recovered
fromscrap, and neasurenent val ues for waste and hol dup cl eanout.
The i nspect or shoul d conpare the trend anal ysis results with these
ot her sources for consistency.

The i nspector should verify the foll ow ng:

a. Trend analysis is acconplished by the I|icensee using
appropriate statistical techniques.

b. Data and assunptions used in conducting trend anal ysis are
appropriate for current process operating conditions.

c. Significant trends are investigated and resolved by the
i censee.

03.06 Inventory Reconciliation. The inspector shouldverify that
after conpletion of the inventory, the inventory records are
checked for correctness, and the book records are reconcil ed and
adjusted to the results of the inventory. The inspector should
verify that thelicensee' s reconciliationincludes boththe central
accounting records and the subsidiary journals.

Bi as corrections should be applied to individual itens whenever a
bi as estimate is statistically significant, exceeds 50 grans of U2?®
across all affected itens, and exceeds 0.5 gramof U5 for a single
item otherw se, bias corrections should be appliedas acorrection
tothe ID. The enphasis of bias correction should be to obtain an
unbi ased value for the total plant 1D quantity. Each bias
correctionthat is greater thanits uncertainty at the 95 percent
confidence Ilevel should be considered to be statistically
significant. All affected itens and associ ated records shoul d be
correctedif the effect ontheindividual itenmsis greater thanthe
roundi ng error associated with the accounting records. Bi as
correction need not be consideredif the measurenent systembiasis
| ess than the uncertainty of the calibration or control standards
for that neasurement system

For all SNM both statistically significant andinsignificant bias
corrections nust be applied sothat the reported plant IDvalueis
the best estimate of the true ID. In addition, bias correction
information fromprior periods nust be maintai ned and accurately
tracked so that it can be correctly applied to SNM | i sted under
each termin the plant I D expression (i.e., beginning inventory,

| ssue Dat e: 07/ 22/ 99 - 7 - 85501



endi ng inventory, additions to inventory, renovals, and prior-
period adjustnents).

The ef fect of prior period adjustnents shoul d be taken i nto account
before the significance of the current period IDis assessed. The
appropri ate procedure for dealingw ththese di screpanciesis, for
t he purposes of IDevaluation, tonodify the lIDquantity by addi ng
or subtracting a quantity of SM and SNM equivalent to the
adj ust ment bef ore assessing the significance of the current period
I D. The adjustnent to the book records nust include the prior-
period adjustnents, to bring the accounting records into bal ance.

Assessnment of the significance of current-period materi al bal ance
results by sequential analysis of prior-period |ID data requires
consi deration of the conparability of the sequence of | Ds used for
anal ysis and the covariances that exist between adjacent and
alternate pairs. When assessing these covari ances, the i nspector
shoul d al so consi der the effects of processi ng SMand SNMgener at ed
inprior periods andthetine sincethe material was generated such
as mght occur in a scrap-recovery process that operates in
canpai gns of different types of materi al

The i nspector should verify the foll ow ng:

a. Aphysical inventory reconciliationis conducted after each
inventory, to ensure that nuclear materials have been
accounted for and that the facility's record reflects the
results of the physical inventory.

b. Measured val ues for i nventory purposes are determnedintine
to provide for computation and reconciliation of inventories
and determnation of |1Ds, consistent with established
i nventory procedures.

c. Al adjustnents to the records are eval uat ed.

d. Inventory adjustnents are supported by nmeasured val ues or
ot her technically defensible bases.

e. Aprogramfor statistical reviews of inventory adjustnents is
docunent ed.

f. Assessnents of IDs, including statistical tests for trends
and bi ases, are applied to both total and actual |IDs on an
i ndi vidual and cunul ati ve basi s.

g. The investigation and reporting of IDs is consistent with
approved pl ans.

03.07 Loss Detection and Reporting. The inspector shoul d eval uate
nmoni tori ng and assessnent activities for | oss detection el enments
and their associated data, to determ ne the status of nuclear
mat erial inventories, and to identify abnormal situations. The
fal se alarmrate and the resol uti on efficiency should be conpared
wi th expected normal | evels. Abnormal situations indicatingtheft,
attempted theft, or unlawful diversion of SNM should have been
reported to the NRC Operations Center within 1 hour of discovery,
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inaccordance with 10 CFR74.11(a). The i nspector shoul d determ ne
that the licensee can quickly generate an inventory listing in
response to an al arm situation.

The i nspector should verify the foll ow ng:

a. Procedures for responding to abnormal conditions are
document ed, and desi gnate the i ndi vi dual (s) responsi bl e for
initiating and executing response actions.

b. The status of nucl ear materi al i nventori es can be establ i shed
in response to alarm situations.

c. Procedures for conducting special inventories are docunent ed
and i npl ement ed, when necessary.

d. Special inventory procedures address the circunstances
requiring a special inventory.

e. Responsetoindicators of m ssing uraniumare inplenmentedin
accordance with docunment ed procedures.

03.08 lnventory Accuracy and Adequacy. The inspector should
exam ne a randomsanpl e of itens to: (1) ensure t he exi stence of an
adequate audit trail, (2) ensure that adjustnents for
reconciliation between the book inventory and the physical
inventory are perfornmed in accordance with commonly accepted
accounting practices, and (3) ensure that the adjustnents are
traceabl e and capabl e of being audited. A randomsanple of itens
on the inventory shoul d be sel ected by the i nspector and | ocat ed,
as a check of accuracy of the inventory.

The SMand SNMquantity val ue on t he physical inventory listingfor
each conponent in the mterial balance should be based on
measurenents. The SMand SNM cont ent of groups of |ike itens can
be determ ned by averaging typical contents. Such contents are
det erm ned by nmeasurenents of representative itemsanpl es of that

material at the time of the inventory, if the licensee has
denonstrated that any additional uncertainty resulting fromthis
averaging method is included in the SEID estimator. Prior

measur enent val ues may be accepted for inventory, provided they
wer e determ ned by measurenent systens subject to the |icensee's
measurenment control program and the containers were either
i mmedi ately tanper-safed after the neasurenent or provided
protecti on equi val ent to tanper-safing. By-difference accounting
I's not acceptable.

The i nspect or shoul d revi ewthe records of tanper-safing devicesto
verify that continuity of know edge has been nmi ntai ned for each
item |If anitemhad a broken tanper-indicating device repl aced,
the inspector should review the nethods used to protect the
information on the quantities of SMand SNMcontained inthe item

The inspector should verify by observation of conduct of the

physi cal inventory that the periodic physical inventories enable
the licensee to adjust accounts to accurately refl ect the status of
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the SMand SNMinventory within a facility. The inspector should
verify the foll ow ng:

a. Physical inventory records arereviewedto verify that all SM
and SNM val ues are based on nmeasurenents.

b. Records of tanper-safing devices are revi ewed to ensure t hat
continuity of know edge has been mmi ntai ned for each item
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